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THE INTERCHANG: 1NSTAPILITY IN HIGH-LATITUDE PLASMA BLOBS

I. INTRODUCTION

It has long been known that the ionosphere at high latitudes often

displays density irregularities and structured electric fields which are

of various magnitudes in scale and strength [Fejer and Kelley, 1980]. The

recent resurgence in interest in high latitude irregularities has been due

to the observation of scintillations by DNA's Wideband Satellite in

association with the gradient in the total electron content (TEC) at these

latitudes [Fremouw et al., 1977; Rino et al., 19781. A variety of

eAperimental techniques have now been employed to study the structure at

high latitudes and its morphology is beginning to be understood better.

On the basis of incoherent scatter radar returns, the plasma density

contours have revealed the existence of high-latitude enhancements which

have scale sizes transverse to and along the magnetic fleld on the order

of hundreds of kms and have frequently been referred to as "blobs"

[Vickrey et al., 1980; Kelley et al., 1982]. Simultaneous Incoherent

scatter and VHF scintillation measurements were used by Vickrey et al.

(1980) to establish the co-location of - 1 km scale irregularities and the

F layer blobs. Ground-based optical and digiLil lonosonde measure-ments,

In conjunction with the particle measurements on the DE-2 satellite, have

.ourd the presence of large scale plasma irregularities (called "patches")

at polar cap latitudes [Weber et al., 1984]. Various mechanisms have been

proposed for the cause of these large-scale plasma irregularities, such as

generation by particle precipitation and convection from other resions

:Kelley et al., 1982; Kelley and VI2krey, 1984; Weber et al., 1984, Sojka

and Schunk, 1986]. AssocIated with the lirge scale blobs, there are

lensity gradients at "walls" of these blobr! (primarily in the horizontal

east-west direction) that are observed to be structured [VLickrey et al.,

1380; Rino et al., 1983, Basu et al., 1984; Cerlsiter et al., 1985, Tsunoda

et al., 1985]. It Is generally believed that the structure at the so-

2ailed "intermediate" scale sIzes (- 1-10 kms) Is respors. Ile ',or the

:ose-ved matelljre scintillatlor .
Manusript approved September 26, 1996
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A plasma blob at high latitudes is reminiscent of art °tcialy

released clouds in the ionosphere and tnis ract has motivated u to lo

analogous analysis of the x B instaoil',y for the blob s!tiation. Ir

this -onnectlor, we mertion that the E x 3 Irstability has oeer applied ro

the naturally occ urrirg transverse dersit.y gradients at i*id-_atitades

[Scannapleco et al., 1975] and to the high-latltude situation [Kesklnen

A and Ossakow, 1982; Keskinen and Ossakow, 1983; Mitchell et al., 1985]. in

addition, we note here that yet another gradient-driven instability, the

' current convective instability (which occurs in presence of a parallel

current) has been invoked to interpret high-latitude structure in

situations which may be E x B stable [Ossakow and Chaturvedi, 1979;

Chaturvedl and Ossakow, 1979; Huba and Ossakow, 1980; Chaturvedi and

Ossakow, 1981]. Most of the past work for the E x B and current-

convective instability was carried out in the approximation of an

infinitely long blob parallel to the magnetic field. These earlier

studies clearly need to be modified for the blob-related structure, since,

as has been noted earlier, the blobs have finite length in the direction

parallel to the field-lines. The work on the E x B instability in barium

clouds has shown that the growth rate Is severely modified for the long

wavelength modes when the finite parallel size of the cloud is considered

[V61k and Haerendel, 1971; Goldman et al., 1976; Sperling et al., 1984;

Drake et al., 1985; Drake and Huba, 1986]. A similar analysis carried out

for the current convective instability has demonstrated that the

instability growth rate is reduced on the order of two orders of magnitude

for the scintillation causing scale sizes (for the observed blob sizes)

[Huba and Chaturvedi, 1986].

In this paper we investigate the E x B instability 'or the high

lat..ude blob-like sttuation. Thus, in our analysis we have ircladed the

effects or the finite parallel blob size, and Ion-inertia (which can

become important at high altitudes where the ion-neutral coll is ion

frequency Is small [Ossakow et al., 1,78]). We "ind that the growth rate

A; for the E x 3 Instability is modl'ied by the finite parallel size of the .

blob, with the longer wavelengths showing more severe reductions In growth

rate than the small and intermediate scale sizes. The effect of ion-

Inertia at high altitudes also leads to a reduction in the growth rate,

Dat the reduction Is relatively moderate for the small and Intermediate

2
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wavelergths (A < 10 km) but !s substantial at the long wavelengths (A > 10

kim) Further. the mode Is localized in the blob-region parallel to the

magneci.2 field. This has some notable consequences. For instance, the

mode may remain relatively inaffected by the regions afar. Thus, the

biob-assoclated structare of F-region altitudes may develop even In the

presence of a conducting E-region. The mapping of structure-associated

potential fields is also modified due to the localization. The electro-

static potential is roughly constant within the enhancement (cloud) but as

It maps into the background ionosphere, the mapping distance is finite due

to the dissipation. This mapping, originally discussed by Farley [1959],

follows the relationship (L /L ) (/a l)1/2, where L is the character-

istic field scalesize, a is the conductivity of the medium, and the

subscripts I, I refer to the parallel and transverse components to the

magnetic field, respectively. We find that this mapping may not extend to

large parallel distances for structured fields at higher altitudes

where v in (and thus a ) is very small. We discuss these results in the

final section.

The plan of the paper is as follows. In the next section, we present Ne

the basic equations and briefly discuss the equilibrium. In the third

section, the nonlocal mode equation is derived. The fourth section

contains the numerical results. Finally, in the fifth section the results

are discussed.

II. BASIC EQUATIONS AND EQUILIBRIUM

A set of nonlinear equations describing the evolution of a plasma

density enhancement has been derived in Sperling et al. [1984] and Drake

et al. [1985]. We briefly present the derivation here. A plasma blob is

assumed to have finite length along the uniform magnetic field B = B0

z 4ith a background neutral wind V - V x. The plasma is assumed to be .n Vn

cold (i.e., T - 0); see Appendix A for a discussion of finite temperature

effects. The basi equations are

an771+ 7(nv). 0()

ate

=-eE- x m B •n) - om(2) J-, (2.-- e--Y ) -~r - 11) .

A V .7)1, -eE + ev x B M (v -v - In - (3)

i.at_ --- c -i ,- in i -n ie e

3
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7 J 7 •[ne(. - v - (4)

V x B - 2 j (5)

In the above n and v are the density and fluid velocity, respectively,

of 3peces a, n is the a species - neutral aollistoon frequency, Vei is V.-

the electron-ion collision frequency, Vie is the ion-electron collision

frequency and a refers to electrons (e) or ions (i). The electric and

magnetic fields are represented In terms of potentials as

E 7 T7 z(-

and

B - B0 z + VA x z (7)

where is the electrostatic potential and A is the vector potential -:z

associated with the magnetic field produced by the self-consistent plasma

currents. We consider only Az since J J and assume that

zz1A z  x Zl 
< <  BO ,0 .

The electron motion transverse and parallel to BO, is described as

v --- 
2 V x z (8)-

-ej x z

and

w- 'n
.%"

= - - eE /[me(v + fv 1 )] ()<

E -7 1 z (10)0 at

where ve v e Ven and V7 b 7, b - 1o. Also, with v /Q << 1
el eV in- - e en i.,..

and v < - Ve nmV << 1. The ion dynamics is given by

inV inc Inn2

[- v x V x - V i n ] (11)

4 -
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v =eE v /[m .in, (12)

en m~v(V + fVeJ1

enI e eJ.

where e (i + v andIn ")in + /t. In (11), both Pedersen

and Hall responses to the electric field and neutral wind have been

included. Note also that we have included the ion inertia (a/at in vin )

in the above, even though the full convective derivative has not been

included (v • 7v term is not taken into account). The reason for doing so

in the fact that this term only introduces a real frequency to the

solution and does not affect the stability criterion.

We present the equations derived by Sperling et al. [1984] for

the E x B instability with the ion-inertial effects included. These

equations, derived from (3)-(12) and (1), (4) and (5), are

dn cc 2

t V x z Vn V V 2 A 0 (13)

-2
c in c in i nA

E1 • nV i B 2 z x -Vn + i z x nV n
nQ,

I
+ c V2 A - 0 (14)

lle

2 4dA
V A (V| + I .- ) (15)

jz cn, 0 dt

where ne - mee/ne2 is the parallel resistivity and

B Vin
B c(16)

d + x V 7 (17)
dt at 0 -n

V + B VA x z 7 V (18)az 0 z

Equation (13) is the electron continuity equation, (14) is the charge

conservation equation and (15) is the Ampere's law. Now we shall di!,cuss

the equililbrtim of these equations briefly.



The equilibrium of a cold plasma enhancement has been discussed by

Sperling et al. [1984]. A two-dimensional cloud localized along and

across the magnetic field-20, ni - ni(x.z) with ni * 0 for

lxi j x0 and ]z! z0 is described by equations

2an + c 3 a2A z -0 (9 )

3t 4eaz 2 12

c in 3 a c 3 a2A

2 -t  n cx +0 (20)
iB ax a 4e 3z a2

Az 4

2 - (21)

ax2  cn, aa

In the above, it has been assumed that the background ionosphere is

uniform throughout the region, and x0 and z0 are, respectively, the

typical transverse and longitudinal scales of the plasma enhancements.

From (19)-(21) we find that the equilibrium is given by Az  - 0 with %

n(x,z) an arbitrary function. For simplicity we consider the plasma

density to be given by

n(x,z) - nI  z < -z0

n(x,z) - ni(x) -z0 < z < zo (22)

n(x,z) - n2  z > z0

III. LINEAR ANALYSIS AND DISPERSION RELATION

We perturb the set of equations (13)-(15) over the equilibrium

discussed in the previous section and linearize the equations with respect

to pertarbations. The perturbed quantities are apsamed to vary as

f f(z) exp(Yt + k yy). The above set then leads to

(2k D + -~i c (3
yr az(23)

'taD a
y r.. - -z 24[M1 Yo 01 " 2
in c az

6



The above equations are the same as those discussed in the work or

Sperling et al. E1984] with the exception of the second term in paren-

thesis on the left hand side of (24) (Y/v in) which represents the effects

of ion Inertia. The following definitions have been used in (23) and
2 2 2 2

(24); Y0 V /Ln, L - (a n n/ax D - Ve c2/pe pe 1 n e /M

a e ei/lV in, and v /S1 << 1 was assumed. We discuss some well-known

results from (23) and (24) in the local analysis in Appendix A. Now we

present a derivation of the nonlocal dispersion relation.

The method of solving (23) and (24) we follow here is similar to that

used in Sperling et al. [1984], Drake et al. C1985], and Huba and

Chaturvedi [1986]. In the outer regions (outside the plasma blob), the

ambient ionosphere is assumed to have no density gradient and a decaying

solution is assumed for the modes in these regions. We shall distinguish

between the two outside regions by their differing ambient parameters

(density, vin' etc.). We refer to the region below the blob as the region

1 (bottomslde) and the one above it as the region 2 (topside). In these

regions, the solution is written as

k1 1
0 Z a Az -z o o

2 -k 2 z k 2 z (25)2 2e ' z z i2 e z > z 0

The inverse of decay lengths of the mode-associated fields In the ambient

ionosphere are given by
k2 (I in)
k 2

pE 1, (26)

9 y r (27)Y + k2D
yy

In the above p 1 12 refer to the two outer regions as noted earlier, the

rm(Yl/,n In (26) describes the effects of on inerta and R Is a

in
? ~. wher



measure of the electromagnetic effects. F'or the ltrst ee

(kD y > 1), R - 1 and for the electromagnetic ape l'Y >> K R

k 2D /Y << 1.
y r

Inside the blob, the mode is represented by a plar~e wave

- ik~z I; ,< z
- e ,A A e -Z <: Z <ZIP

IZ zi0

-oith the parallel wavenumber of the mode ins~de the blob being given :vy

k 1 0  V in- 1 'J29.

y

N4

where the quantities are evaluated in the blob region and the ir-inertial

effects are represented by the third term in the numerator of (29). -A

solution is constructed from (29) for the mode, using the two roots o)f

(k corresponding to + roots),

I+I

A similar solution is written out for ~.The solutions are matched at

V the boundaries of' the inner and outer regions to derive the dtsmpersilon

relation. The appropriate matching conditions are obtained by integrating

(23) and (24) across the boundaries ( +z 0 )J; 'it Ip found that o and
A are continuous at z - + zo. Using (25) and (30) i.n (23) and (24) with
z

these matching conditions, we find the dispers!ion equation is

+2

k k
z0 ,.tan (31)

i 22

K,2

where m Is an integer. The largest growth rate occurs 'or m =0 mode and

we conside only this mode henceforth. The wavenumberg k. 4  and k. are

de'Ined In (28) and (29), respectIvely. Equation (3 1) is solved numer -

cally, but first wie shall discuss some simple analytical re~zultF fnom it.

8



e. . .: :23L ar.alif ar be totained from (31) in the limit

--" 'r " {O .... w cse eiay write tan (2kz

2kz- 7/2 (32)

:e . o'i , z ne 'F able to recover the local theory
,, -e ' " A n ') ( ) f o 32).'

e -length ;f T.he DD) and the ion inertia both contribute toi
'i-.. ? :ne 3 /rntacil.ty gr.wth rate. We have noted earlier

nat . :i t'rusn. i the inrospheri . regions above and below the blob by

tnear !!"err.ng a: ient parameters. We shall also distinguish three

'e.arate aseq n whicn the effects of ion inertia are introduced

:iferently see Tables I and 2). In case I, both the topside and the

to.tmsI!e mrn.Fpnere, as well as the blob correspond to ionospheric

t des wnere tne I;n-Inerttal effects are neglected. In the case II,

tne in nertlal effects are introduced only in the topside ionosphere

regir. ara in tne caqe I!:, both the blob and the topside ionosphere are

'..nsereC t alt,.itude where ion-Inertial effects may become important.

We present Fome sImple analytical expressions for the growth rate of

The E* B Instability "or the above three cases in Appendix B. It is "

shown tnere that The growth rate iF reduced for a finite length blob and

tne reduction is more pronounced at the long transverse wavelengths.

Also, the earlier results of Sperling et al. [1984] are recovered for the

zase when the regions I and 2 may be approximated in the collisIonal limit

in ' the same parameters,. We shall further discuss the results for the

three :ases In the discus.ion section along with the numerical results

wnl -r will be cresented next.

. .AL RESULTS

e.e ave golved the nonlocal dispers ion relation (31) for parameters

approprlate to the hign latitude blob situation in three different cases

as deq-ri:ed In the previous section. The parameters used have been

-a:ulated In Tables and 2. We use the following ncrmallzations:
2 ,2 2

Y .Y,. <y z< , z2 a, 2 and Lr Dr/Y O. The blobY' y r' 09 z0 r' , A. a ri r r 0

lengtn, 2z,, has beer. assumed to be the same in the three cases ard i

9



taken to be 300 kms. Similarly, the gradient scale length, LN, 1s!o2.ateq

with the "walls" of blob is taken to be 40 kms and the reutral wr-

velocity, Vn, is taken to be 400 m/sec in all the three cases, renaltirg

in the linear local theory growth rate Y0- 1 0- ' see-" Most of the Dtnor

parameters and symbols are explained in Tables 1 and 2 and will -e ate,!

when introduced below. In the following the growth rate expressions hate

been computed as a function of wavenumber, the blob length and tne -n'

collision frequency for various cases. In addition, we have also plotted

the wave function within and outside the blob for various -ases , t

display the localization of the mode around the instability region (i.e.,

the blob). For reference we note that 1 km modes correspond to k L -
I r

14.5 and 10 km modes correspond to k L = 1.45. '.
y r

'Pa

Figure 1 shows the normalized growth rate, YWYO' plotted as a Z.

runction of normalized transverse wavenumber, kLr' ror the three cases

mentioned above. In case I (2urve A), the bottomside, blob and topside

are all taken to be collisional and ion inertial effects are unimportant.

For large ky (short transverse wavelengths), the growth rate can be seen to

approach asymptotically the local theory growth rate, Y - YO0 For small ky

(long transverse wavelengths), the growth rate is reduced. The inter-

mediate scale size regime corresponding to the 1 - 10 km is of special '"

interest, for these irregularities are associated with the signal

scintillations. It can be seen that the finite blob length has little

effect on the 1 km scalesize mode, where growth rate is close to the local

theory value (Y - 0.9 Y ) but at the 10 km scalesize-end, the growth rate
0

is down by almost an order of magnitude (Y - 0.2 Y ). When inertial

effects are introduced for the topside (case II, curve B), the growth rate

curve shows an overall decrease, and the reduction at long wavelengths

becomes more pronounced. Thus the 1 km-end of Intermedlate 9cale s4ze

shows small reduction in growth rate (Y .75 ,Y while the 70 Km wave-

length modes surfer severe reduction (Y .05 YO in growth rate. 7h In

trend continues for the case when the Inertial ef'ects are important ror
both the blob and the topside (case III, curve C). Now even the local %

growth rate (in the inertial limit) iS different from the valse in the

collsional case (Y 0.6 In the inertial ease, while Y O in he

10
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o .. ornal ase). The <m-s aie .show less reducto. io n the growth rate .

die to tn.e 11rite blob lergtn e"ecti (Y 0.35 -Y) haan the '0 km-size

scales (x * 0.025 Y). as expected.

In Figs. 2a - 2b the expliit e?ect of flnite blob size is hown or

the growth rates of I <m- and 10 m-sJize modes for the ,ases T and III,

respectIvely. Figure 2a refers to case I, and we see that the 1 km scale

sizes 'ojrve A) experience lesser reductions In the growth rate than the 0

<m-s ze modes (,2urve B, . t an be seen that 'or very long blobs

approacnir.g tne ir'ir.ltely lor.g blob limit, or the local theory 1I-mit)

the growth rate for k L = 14.5 ( - km) approacnes the local theory
yr

value (Y - 'r,) and 'or small blob-lengths, the growth rate Is progressively

reduced. This pattern is more pronounced or the longer wavelength! ..

y" r *4.5, . - 10 kms) for which the growth rate in the infinite blob

limit f 0.3 Y0 ) is less than the local theory valie, Y-Y0 (which is

valid only 'or short wavelengths such that kyLN >> 1). A similar trend Is

07arnd 'or growth rate behavior as a f'nctlor of blob-length, when the

nertlal eDects are Introduced. This is shown in Fig. 2b, and the

inertial eppect.s have been included for both the blob ar.d the topside;

regions. The growth rates for both the sale sIzes (A - 1, 10 Km) are

reduced in this (inertial) ase 'or the infInite olob lImit Orom the value

*correspording to the collisional limit. And as the blob lengths get

FmaIler, the reductsor In tne growth rate is more, with longer wavelengths

(curve B) showing more pronounced reduction than the small wavelengths

* 2urve A).

In F •gs. 3 - 5 we ,ave plotted the wave aurctiors for the modes wit 2in

the blob (the instability region) and outslde It (the ambient ionosphere)

to show the localIzatio, of the modes In the blob reg'or and . exters.ion.

J into the ambIert ionosphere. In Fig. 3, the wave rdntlon Is slotted °r

J the .~hort iavelength mode k L . .5, X -I m). Figres 3a and ..

refer, respectively, to cases nd !I. It car be easIly seen tnat In the

ollisloral bottomslde region the mode extends to smaller d1stanres In t e

ambient Ionosphere tha. the topside ionosphere ihere coli.iors are 1,)w.

This napping, dependent on the 3mbient colls.lonallty, shows ',,r tne

2oll',loral topside ',Fig. 3a) tne mode extendling t,: -ral-er dis-ar-ces than

the case in which the topsIde I s assumed InertIal i-1. 3b).

IA. ."II
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The mapping of modes into the ambient ionosphere is also scale slze

dependent. This is shown in the Figs. 4 and 5. In Fig. 4, wavenimbers

L -4 5 (Fig. 4a), and k I - 1.45 (Fig. 4b) are plotted for the case
y r y r

when all :he regions are taken to be aolll5ional (case I, Table 2).

!1early, the longer wavelengths extend 'arther into the background than the

smaller wavelengths. In Fig. 5, whi.h corresponds to the case in which the

topsije is assumed inertial (-ase III, Table 2), this pattern Is repeated,

wl.tn the potential olelds mapping to larger distances on the topside (whih '-

-s less collisioral) than on the bottomstde (which is more collisional).

Again, as one would expect, this mapping is to larger distances for the

longer wavelength modes (Fig. 5b, k L r 1.45) than for the smallyr

wavelength mode (Fig. 5a, k y - 14.5).
yr1

An interesting point to note from the Figs. 3 - 5 is that in the

hignly coll islonal bottom.s9de region, the smaller scales do not map to

large distances. Thus we see that the 1 km-size mode maps to less than the

blob length, z,/2 (- 75 kms) in the collisional bottomside (Figs. 3a and

-4a . This implies that this mode, depending on the altitude of the blob, ---.-

may not be affected by a 2onducting E-region. A conducting E-reglon is,

however, likely to affect the development of longer wavelengths (> 10 kms),

as is evIdent from Figs. 3b - 4b, where the modes extend to several times

the olob length (> 400 <ms).

V. DISCUSSION

We have studied the effects o° finite blob-length on tne interchange

[rstabili t y appliable to high latitudes and have included the effects of

'iLte ion inertia. The experimental observations indicate that the high-

-titide blobs are of finite extent parallel to the magnetic 'ield with

typi al :4aleslzes of a few hundreds of km [Tsunoda et al., 1985]. This

-ieans that they span reglors of varying plasma parameters in altitude,

. the -ollIsion frequencies, density, erc. At high altitudes, the ton- 1 6

:!a oihslon frequency, v,n, decreases and therefore the Ion-Inertial

e=ets need to be Included f.r the interchange instability analysis

_Dssa9ow et al., 1978]. The introduction of 'Inlte parallel blob-size in

12-;
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the analysis means that one should consider the finite parallel wavelength

effects (k 0 O) on the development of the instability and it further!
implies that the coupling of the blob region to the ambient ionospheric

regions should be taken into account.

There are some obvious similarities of dynamics between an artificial

plasma cloud and a plasma blob in the ionosphere. Both represent a plasma

density enhancement above the background, both are of finite dimensions and

'n both the cases their motion with respect to the background results in a

steepened backside or a wall gradient which is observed to be striated or

structured. Considering these common features, we have applied the theory

of interchange instability developed for plasma clouds by Sperling et al.

[1984] and Drake et al. [1985] to the blob situation, and have included the

Ion-inertial effects in the analysis. It may be pointed out that there are

also some differences between the two situations. The clouds are

relatively small in parallel size (tens of kms) as compared with the blob

sizes (a few hundred kms) and have a sharper transverse density gradient.

The constituent ions of clouds are also different (usually barium) from the

background ions while in the case of the blobs, the two are the same. Due

to the large sizes, blobs occupy regions of diverse ionospheric properties

in altitude. Thus the plasma properties at the bottom and the top of a

blob may be very different in terms of collisionality, temperature,

density, etc. This also has an important implication on the profile of the

blob (as opposed to that of a cloud in whose case this size is quite small,

and thus the properties of the two ionospheric regions adjacent to the

cloud are not as different). Even though we have considered a 'top hat'

model of the blob in our analysis for simplicity, the real blob would be

asymmetrical in altitude, with its boundary in the ccllisional bottomside

remaining sharp over the time-scale of the structure development as opposed

to the topside where this boundary would be relatively more diffuse with

respect to the background.

The analytical and numerical work on the stability of blobs with

respect to the interchange mode presented in the previous sections

demonstrate that, as in the case of the plasma clouds, the finite parallel

blob-lergth resuJlts in an overall reduction of the growth rate )f the

interchange inrtability from the infinite blob case value. This reduction

13
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is proportional to the wavelength of the mode: the longer the wavelength,

the larger the reduction in its growth rate. In addition, the effects of

ion-inertia (important at high ionospheric altitudes) are found to reduce

the interchange instability growth rate somewhat. The consideration of

finite parallel blob-length implied that the effects of finite k be con-

sidered on the interchange instability. The parallel extent of the modes

is proportional to the transverse wavelength in ionosphere and this rela-

tionship is roughly given by the relation, (LIL) ( /a )1/2, where L is

the characteristic scale size, a is the ionospheric conductivity, and,

and I represent components perpendicular and parallel to the magnetic field

respectively. Clearly, as one goes higher in altitude, a (which is pro-

portional to v in) decreases and a (which is proportional to v )
increases. Thus, with increasing altitude, a given transverse scale size

mode extends to larger and larger parallel distances. This fact explains

the more pronounced reduction of interchange instability at longer

transverse wavelengths for the finite-length blob situation. As the mode

extends out of the blob (the instability region) into the ambient

ionosphere, it attempts to move plasma electrodynamically in these regions

(where the density is uniform and this represents a drag for the system).

As a result, the growth rate of the interchange process is reduced. For

longer transverse wavelengths, the parallel extent of the mode is also "1-. %

larger, and thus the 'load' also higher for the circuit, and, therefore,

the growth rate reduction is more. Another consequence of the relationship

L. L|/L /a )1/2 is the fact that the smaller and intermediate scale-

sizes are localized to shorter parallel distances around the blob (the
instability region). Hence, depending on the altitude where the blob is

located, this localization may be small enough so that the mode does not

extend to the E-region on the bottomside. This would mean that the E-

region would have little impact on the development of the strictaring

process in the high-latitude F-region, whether or not the E-region is

conducting. The satellite signal scintillations are generally believed to

be caused by the Intermediate scale sizes (few 100 m - few km) and for a

set of typical parameters, we have found in our numerical results that this

may indeed be the case ?see Figs. 3a, 3b, Ua and 5a].
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The long parallel extension of modes on the topside also means that

the regions of low neutral density (and therefore low v n) are being

traversed by these modes. Thus lon-inertial effects need to be included

and this has an effect of reducing t:.e interchange instability growth rate

[Ossakow et al., 1978]. This reduction is also wavelength dependent, the %

larger transverse wavelengths experience higher reductions in the inter-

change growth rates (see Figs. I and 2, curves B and C, and also the

nonlocal growth rate expressions (B5) and (B6)). However, the interchange

process may proceed rather unimpeded at short and intermediate scales, with

the reductions in the growth rates less than an order of magnitude even at

higher (- 450 kms) altitudes, a result in agreement with Ossakow et al.

r1973] (see Figs. 1 and 2).

Thus we find that the interchange process associated with the high

latitude 'inite-length blobs is severely hampered fr long wavelengths

(> 10 kin) due to finite blob-size, possible coupling to a conducting E-

region on tne bottomside, and due to inertial effects as modes couple to

higher altitudes on the topside. On the other hand, the small and

intermediate scale sizes (< I an and 1 - 10 km, respectively) may still

experience the process of interchange unhindered for the observed blob

lengths (- 300 kin) for the F-region altitudes (i.e., at altitudes around

400 - 500 km). There is evidence that the h.gh-latitude blobs may be

displaying such structures (Rino et al., 1983; Cerisier et al., 1985;

Tsunoda et al., 1985). Therefore we suggest that the observed structare in

this range (1 - 10 'Kn) may be due to the E x B Interchange instability due

to the ambient electric flelds, or neutral winds, or a 2cmbtratlon oo

both. We have not considered the possible origins of the large s,.ale

length structures (blobs, pat,-hes, etc.) observed at high latitudes in this i

wor< (sales sizes > 100 kms); )n the ba:11s )' tiiS worw, these ar,

produced by some other iecnanism than. the intercnarge Prones-. Ae nave

£.so rot attempted to lrn lude tne lynamis o: these >rge str :,t.re. ;r

their realisto prof'lleq. The nter,7hange process Jiscusse, here Ieve )s

over a time scale of miirutes -10 sec) wnereas the long ,?ile

variatlors , ocur over a period o? hoairs, tn~s making e assL~mpt L'n )° 1
'starj' ' blob vald to lowest o.rder.

% %
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In conclu-,lon, we have argued that for the finite-length blobs in the

high latitude F-region, the lrtermediate scale size structure responsible

.or satellite scintillat'cns may be caused by the E x B interchange

instability, even in the pr.'!ence of a conducting E-region (for the blob

* szes of - 300 km). We have also shown that for these scale sizes (1 - 10

km) the effect of ion-inertila introduces modest reducti)ns in the

Interchange instability growth rates. All these effects (:Inite blob

length, ef:ect of Inertia, etc.) however act to reduce the growth rate of

the lrterchar.7, Instability at long scales (>> 10 km) severely, thus making

It unl kely that the large scale sizes would be locally produced by the

Interchange process ir high-latitude F-region.
Z

10

ACKNOWLEDGMENTS

This resear'h has been supported by the Defense Nuclear Agency and the

2:Ice of Naval Research.

S..%.

_'..

.-1

. ' -. - . . . . . . .... . . ... ,,- . ,- . . . ' "..,-*a , ,' . . ... . . " . .' " . , .-. ,•. . " . ... , .J



REFERENCES

Basu, B. and B. Coppi, Localized plasma depletion in the ionosphere and

the equatorial Spread F, 3eophys. Res. Lett., 10, 900, 1983.

Banu, S., S. Basu, E. MacKenzie, W.R. Coley, W.B. Hanson, and C.S. Lin, F

region electron density irregularity spectra near auroral

acceleration and shear regions, J. Geophys. Res., 89, 5554, 1984.

Cerisler, J.C., J.J. 3erthelier, and C. Beghin, Unstable density gradients

In the high-latitude ionosphere, :'adio Science, 20, 755, 1985.

Chaturvedi, P.K. and S.L. Ossakow, Nonlinear stabilization of the E x B

gradient drift instability in ionospheric plasma clouds, J. Geophys.

Res., 84, 419, 1979.

Chatarvedi, P.K. and S.L. Ossakow, Nonlinear stabilization of the current

convective instability in the diffu!se aurora, Geophys. Res. Lett., 6,

957, 1979.

Chatjrvedi, P.K. ind S.L. Ossakow, The current ,onvective instability as

applied to the auroral ionosphere, J. Geophys. Res., 86, 4811, 1981.

Chu, C., M.S. Chu, and T. Ohkawa, Magnetostatic mode and cross-Ield

transport, Phys. Rev. Lett., 41, 653, 1978.

Drake, J.F., J.D. Huba, and S.T. Zalesak, Finite temperature stabilization

of the gradient drift instability in barium .clouds, J. Geophys. Res.,

90, 5227, 1985.

..rake, J.F. and J.D. Huba, Convective stabilization of Ionospheric plasma

.louds, J. Geophys. Res., 91, 10108, 1986.

Farley, D.T., Jr., A theory of electrostatic fields in a horizontally

strati'led ionosphere subject to a vertical magnetic Oleld, J.:-
3eophy!s. Res., '4, 1225, 1959.

Fejer, B.G. and M.C. Kelley, lonospheri2 Irregularities , Rev. Geophys.

Spaoe Phy!s., 13, '401, '980.

Fremouw, E.J., '.L. Riro, R.C. Livingstor, ard M.C. Cousins, A persi.stent

sibauroral !,inttllaton enhancement observed in Alaska, Geophysz.

Res. Lett., 4, 539, 1977.

3cilman, S.R., L. Baker, S.L. Ossakow, and A.J. Scannapieco, Striation

'ormatLion araoctated iith bar i,i louds in an Inhomogereous

,oro.qphere, J. Geophys . Res., 31, 5097, 1976.

° .

17

' .r e. ,. ,. e, I



Huba, J.D. and S.L. Ossakow, Influence of magnetic shear on the current

convective instability in the diffuse aurora, J. Geophys. Res., 85,

6874, 1980.

*Huba, J.D. and P.K. Chaturvedi, The effect of finite "blob" size on the

current convective instability in the auroral ionosphere, J. Geophys.

Res., 91, 7125, 1986.

Kelley, M.C., J.F. Vickrey, C.W. Carlson, and R. Torbert, On the origin

and spatial extent of high-latitude F region irregularities, J.

Geophys. Res., 87, 4469, 1982.

Kelley, M.C. and J.F. Vickrey, F-region ionospheric structure associated

with antisunward flow near the dayside polar cusp, Geophys. Res.

Lett., 1, 9, 907-910, 1984.

Keskinen, M.J. and S.L. Ossakow, Nonlinear evolution of plasma enhance-

ments in the auroral ionosphere: Long wavelength irregularities,

J. Geophys. Res., 87, 144, 1982.

Keskinen, M.J. and S.L. Ossakow, Nonlinear evolution of convecting plasma

enhancements in the auroral ionosphere 2: Small s-ile irregulari-

ties, J. Geophys. Res., 88, 474, 1983.

Mitchell, H.G., Jr., J.A. Fedder, M.J. Keskinen, and S.T. Zalesak, A

simulation of high latitude F-layer instabilities in the presence of

magnetosphere-ionosphere coupling, Geophys. Res. Lett., 12, 283,

1985.

Ossakow, S.L., P.K. Chaturvedi, and J.B. Workman, High-altitude limit of

the gradient drift instability, J. Geophys. Res., 83, 2691, 1978.

V Ossakow, S.L. and P.K. Chaturvedi, Current convective instability in the

diffuse aurora, Geophys. Res. Lett., 6, 332, 1979.

Rino, C.L., R.C. Livingston, and S.J. Mathews, Evidence for sheet-like

auroral tonospheric irregularities, 3Geophys. Res. Lett., 5, 1039,

Rino, 1978.

Rino, C.L., R.C. Livingston, R.T. Tsunoda, R.M. Robinson, J.F. Vickrey, C.

Senior, M.D. Cousins, J. Owen, and J.A. Klobuchar, Recent studies of'

the structure and morphology of auroral zone F region irregularities,

Radio Science, 18, 1167, 1983.

Scannapieco, A.J., S.R. Goldman, S.L. Ossakow, D.L. Book, and B.E.

McDonald, Theoretical and numerical simulatLon studies of mid-
latitude region irregularties NRL Memo Rept. 3014, 1975.

latit de N L Me o Re t. V

pP



Sojka, J.J. and R.W. g2hunk, A theoretical study of the production and

decay of localized electron density enhancements in the polar

ionosphere, J. Geophys. Res., 91, 3245, 1986.

Sperling, J.L., J.F. Drake, S.T. Zalesak, and J.D. Huba, The role o"

finite parallel length on the stability of barlam clouds, J. Geophys,.

Res., 89, 10913, 1984.

Tsunoda, R.T., I. Haggstrom, A. Pellinen-Wannberg, 2. Steen, and G.

Wannberg, Direct evidence of plasma density structuring in the

auroral F region ionosphere, Radio Science, 20, 762, 1985. -

Vickrey, J.F., C.L. Rino, and T.A. Potemra, Chatanika/TRIAD observations

of unstable ionization enhancements in the auroral F-region, Geophys.

Res. Lett., 7, 10, 789-792, 1980.

Volk, H.J. and G. Haerendel, Striations in ionospheric ion clouds, 1, J.

Gephys. Res., 76, 4541, 1971. ,

Weber, E.J., J. Buchau, J.G. Moore, J.R. Sharber, R.C. Livingston, J.D.

Winningham, and B.W. Reinisch, F layer ionization patches in the

polar cap, J. Geophys. Res., 89, 1683, 1984.

19



APPENDIX A: LOCAL THEORY

We Fourier analyze the perturbed quantities in the z-directlon

.(z) - f exp (ikzz) for the local approximation. Then (23)-(24) result In

the dispersion relation

[Y k kD [Y(i + -) -YO YaD,)2 (A',)
yrVin rz

The effects of finite parallel wavelength are included on the right-hand

side in the above. We first discuss the case k z - 0, and later would

consider the case when k 0. %

(a) kz a 0

Setting kz  0 in (Al) leads to the dispersion relation

[Y + k2 D ][Y(i + - ] - 0 (A2)

-) q

This equation has solution for a damped hydromagnetic mode, Y - k D,

FChu et al., 1978] and the other solution refers to the E x B instability

including the ion-inertial effects [Ossakow et al., 1978]

y n _" o (A3)V in 0

The two limits discussed in Ossakow et al. [19-] are the collisional and

inertial limits for the solution of the quadratic in (A3). In the

colllsional limit, Vin >> 4y0f one obtains the well-known result of local

theory growth rate of the E x B instability for barium clouds,

y o (A4)

in the inertial limit, the growth rate of the E B 'nstability in reduced

from the collisional case, though not directly proportional to a decrease

in vin (as might be expected at first), but proportional to v/v in.pteadin in
[Ossakow et al., 1978]. Thus, for vin < 4y0 , the growth rate In

in''

y Vt 0V (A5)
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(b) kz

We discuss the collisional and inertial limits r f inite kz

approximation for the electrostatic and electromagnetic regimes.

() Electrostatic regime k2 Dr >> )

in an electrostatic approximation the dispersion relation (A!)

reduces to

2Y Y ( a - Y n = 0 (A6)
in 2 0 in

y

The collisional limit corresponds to 4Y << v (1 a k /k and theT h e ~~~ eoin I n l l i i z y '

growth rate Is k2

Y - YO/( + a ) (A7)
0 k2

Y

Clearly, the parallel dissipative electron motion has an overall effect of

reducing the growth rate in this limit.

The inertial limit is 04Y >> V (1 + a k2/k2 and the growth rate in

this case is

2 k 2 ,'"o in 2k

Nk
y

(ii) Electromagnetic regime (Y >> k2 D r ) F.

In this case, due to inductive effects, the mode couples to a

parallel propagating Alfven wave which has a stabilizing inflience on the

instabilitv. The dispersion relation is now

y2 Y - (Y - V2k2) 0 'A9)in 0 in A z2

The growth rate in the collisional limit is

Y Y VA2z/ in A /)
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This expression Is -also given in Sperilng er a!. '1984' and by Basua and!

coppi -1983]. In the inertial regime, the growth rate is

iheore ' 3 1/4Tmn is the A!ven speed in the above.

i 'ni, e temperature e-ects

p : ciusi, o" finite -mperatare ef'ects (i.e., T 0) results in an

adai ional -tabilizing term. The growth rate in the electrostatic limit

is given by

7 .. -"-.)" + /k (A12)
~ z elzy

,ee 36 W' DraKe et al "985). If we take k - r/4z0 (see Section

-0 " km, T - T. 4 = 0.2 eV, and v. 10 sec -I we Oind that

-T/-. - 2 x 0 -4  ec -  << ¥ 10 see. Thus, finite temperature

" "ects are irimportart 'or the parameters we 2onsider. However, for

!4u-! Iently short wavelength modes it can be shown that finite

:emperature e 'ects stabilize the mode (Drake et al., 1985).
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APPENDIX B: NONLOCAL THEORY

We oan rewrite the nonl.ocal dIspersion relation (31) in -ermns tf -ne

nornalized parameters as

in r In .'12 /._ y

..n </2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _111217av 2 r.2

For f~n is 9e obs ar.d at higher alt iudes, he retwced growtn

ra-e M:; es Y - arid in tnls "imit, one may take r.am2a<, z 2k z,. Ther

tne '[.er ion relati';n becomes

L'a + \, a,

n.)pz %'~2 232)

VV

Vini L~n2

(n) (n)
where a- a./i' n r a, /V V , V vin /Y. In the above we have

n i r e I et i n Ln I
ignored -he ' on- nertial effects 'or the bottomside region (1) but

rera.ed them f'or the blob and the topsIde , egion (2). Now we write down

analytial expressiors 'or the growth rate when zis small

asi :

When both t he topside and bottomslde regions and the blob are

2 -iI3or.al, the growth rate Is

2gy

y - ~(33)
+ /

wh, ere a. and 3.) represent the 'act that we have conszidered different

l Lion '1,lit es ,'or all the three regions..q one con.siders the

23
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J.

situation In which both the topside and bottomside regions may be

approximated to be the same, then one obtains the result preserted by

Sperling et al. E19841

0y

Case I:

In this case, the bottomslde and the blob are assumed collisional but
the topside is onsdered inertial (V n2 < YO 0  then the gowth rate is '

given as

2z 0k
oy 135)

a 1 + Va 2/V in2
)

where Vin2 Vin2 /Y0 < 1.

Case III:

In this case, the bottomside is considered colltsional but the ion-

inertial effects are included for both the topside region and the blob.

Then the growth rate in

Y/{( " + / k a- /2f (B6)

Vin2

where

0 In
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